Abstract. The aim of our retrospective study was to evaluate the clinicopathological features associated with distant metastasis from small cell lung cancer (SCLC). We reviewed patients diagnosed with SCLC metastasis at the time of presentation between 1999 and 2010. Among the consecutive 251 SCLC patients diagnosed, 152 (60.6%) patients had distant metastasis, of which 20.3, 18.3, 15.5, 10.0 and 6.0% of patients had liver, bone, brain, lung and adrenal gland metastasis, respectively. In a multivariate analysis using Cox's proportional hazards model, we identified that liver, bone and brain metastasis as well as the presence of pleural and/ or pericardial fluids were unfavorable prognostic factors. However, lung, adrenal gland and extrathoracic lymph node metastasis were not statistically significant prognostic factors. With regard to the treatment of SCLC patients, particularly those with liver, bone and brain metastasis or pleural and/or pericardial fluids, we should take the metastasizing organs into consideration.
Introduction
Distant metastases upon presentation of small cell lung cancer (SCLC) is a frequent clinical problem. Clinically, treatment for extensive disease (ED)-SCLC consists of systemic chemotherapy and radiotherapy for symptomatic metastatic sites. It is generally accepted that the life expectancy of SCLC patients depends on the extent of disease and the response to chemotherapy. Performance status (PS), gender, disease extent and response to chemotherapy have been evaluated as prognostic factors (1) . Foster et al revealed that the number of metastatic sites was also a prognostic factor in ED-SCLC patients, regardless of the location of the metastatic site (2) . The four most common sites of metastasis in SCLC at the time of diagnosis appear to be the liver, bone, brain and lung, with involvement of these sites identified in SCLC patients with newly diagnosed metastatic disease. Using the database of SCLC patients, we examined whether specific organ metastasis at the time of presentation had prognostic significance in SCLC patients.
Patients and methods
Patients. We retrospectively analyzed 251 patients who were diagnosed with SCLC in our divisions at the University of Tsukuba and the Tsukuba Medical Center Hospital between January 1999 and May 2010. This retrospective study conformed to the Ethical Guidelines for Clinical Studies issued by the Ministry of Health, Labor and Welfare of Japan. Analysis of the medical records of the lung cancer patients was approved by the ethics committee of the University of Tsukuba Hospital, Ibaraki, Japan. The diagnosis of SCLC was confirmed in all patients using pathological and/or cytological specimens. Pathological diagnosis of SCLC was defined by the WHO classification (3). Prior to treatments, a staging procedure was conducted for all patients using computed tomography (CT) or magnetic resonance imaging (MRI) of the head, bone scintigraphy and ultrasonography and/or CT of the abdomen. Patients were staged according to the staging system of the Veterans Administration Lung Cancer Study Group into one of two categories; limited-stage disease (LD) or extensive-stage disease (ED) (4, 5) . Patients with LD-SCLC had metastatic disease restricted to the ipsilateral hemithorax within a single radiation port, while patients with ED-SCLC had widespread metastatic disease (4, 5) .
Statistical analysis. The statistical significance between the two groups was determined using the Mann-Whitney U test and the Chi-square test. Logistic regression analysis was applied in order to examine the significance of the seven variables, including liver, bone, brain, lung, extrathoracic lymph node and adrenal metastasis as well as pleural and/ or pericardial fluid, for poor PS and unfavorable response to chemotherapy. The Kaplan-Meier method was used to assess the survival curves and the log-rank test was used to evaluate the statistically significant differences between the two groups. The length of survival was defined in months as the interval from the date of initial therapy or supportive care until the date of mortality or last follow-up. Cox's proportional hazards model was used to study the effects of clinicopathological factors on survival (6) . All statistical analyses were performed using SPSS version 10.1 for Windows (SPSS, Chicago, IL, USA) and P<0.05 was considered to indicate a statistically significant difference.
Results

Patient characteristics.
The diagnosis of all 251 SCLC patients was pathologically and/or cytologically confirmed. The characteristics of these patients are shown in Table I 
Number of metastatic sites infuences survival rate.
A total of 69 patients had one metastatic site, 28 had two, 20 had three, four had four and one had five (data not shown). A statistically significant difference was observed in the survival rate among patients without metastasis, those with one metastatic site and those with two or more metastatic sites (P=0.0001) ( Fig. 1 ). A total of 16 patients had sole liver metastasis, while 35 patients had liver metastasis accompanied by metastasis in another site. Additionally, 12, 22, and six patients had sole bone, brain, and lung metastasis, respectively. A total of 34, 17 and 19 patients had bone, brain and lung metastasis accompanied by metastasis in another site, respectively. A statistically significant difference was observed in the one-year survival between the patients with sole liver metastasis and those without metastasis (P=0.0009). Similar results were observed between those with sole bone (P=0.0013), brain (P=0.0163) and lung (P=0.169) metastasis, and those without metastasis, respectively (Table II) .
Metastasis affects response to chemotherapy. According to logistic regression analysis, liver metastasis, brain metastasis and pleural and/or pericardial fluid are correlated with a poor PS of 2-3 (Table III) . A logistic regression analysis also demonstrated that liver and brain metastasis are risk factors of unfavorable response to chemotherapy (stable disease and progressive disease; Table IV ).
Multivariate analysis. In a multivariate analysis using Cox's proportional hazards model, presence of liver metastasis (P=0.0001), bone metastasis (P=0.0401), brain metastasis (P=0.0177) and pleural and/or pericardial fluids (P= 0.0020) were unfavorable prognostic factors. However, lung (P=0.7028), adrenal gland (P=0.2405) and extrathoracic lymph node metastasis (P= 0.0672) were not statistically significant prognostic factors (Table V) . 
Discussion
The incidence of distant metastasis at the time of initial diagnosis of SCLC in this study was 60.6%, and the most common metastatic sites were the liver, bone, brain, lung and adrenal glands. In this study, we examined whether specific organ metastasis at the time of presentation had prognostic significance in SCLC patients. For decades, the prognostic significance of bone marrow involvement in SCLC patients has been reported (7, 8) . Thereafter, several studies indicated that patients with multiple metastatic sites had a significantly poor survival rate (9-11). Our results revealed that there was a significant difference in survival among patients without metastasis compared to those with one metastatic site and those with two or more metastatic sites. These results were consistent with previous studies (9) (10) (11) . In these studies, the site of involvement did not appear to have an impact on survival (2,9); however, other researchers have identified that specific organ metastasis is related to poor prognosis (12-14). Bremnes et al reported that liver and brain metastasis were independent prognostic 
Hazard ratio 95% CI P-value factors in ED-SCLC (12). Mohan et al also revealed that brain metastasis was a significant predictor of survival (13) . In a study of 116 SCLC patients, Arinc et al indicated that bone metastasis was one of the significant prognostic factors in univariate analysis, but was not identified as a prognostic factor in multivariate analysis (14) . In the present study, univariate analysis revealed that patients with sole organ metastasis in the liver, bone, brain and lung had a poorer prognosis compared to those without metastasis. However, in multivariate analysis, liver, bone and brain metastasis were unfavorable prognostic factors, while lung metastasis was not. In our logistic regression analysis, the presence of liver metastasis, brain metastasis and pleural and/or pericardial fluid demonstrated a statistically significant correlation with poor PS. Liver metastasis and brain metastasis also correlated with an unfavorable response to chemotherapy. Therefore, these results indicate that liver metastasis, brain metastasis and pleural and/or pericardial fluid have certain associations with poor prognosis. Nussbaum et al identified that multiple brain metastases were common in patients with SCLC (15) . Activity of daily living (ADL) may be low in a number of patients with brain metastases, and may also deteriorate in patients with bone metastases due to pain and fracture. The discontinuation of chemotherapy due to the deterioration of ADL in these patients has a certain correlation with poor survival. With regard to liver metastasis, the majority of SCLC patients had multiple nodules in our previous study (16) . SCLC may cause biliary tract obstruction by metastasizing to lymph nodes in the porta hepatis or hepatic parenchyma (17, 18) . The administration of chemotherapy may be complicated by metastasis of the liver in the activation or metabolism of several cytotoxic drugs commonly used in the treatment of SCLC. Lung metastatic lesions usually respond well to chemotherapy, and these lesions rarely cause complications unless hemoptysis and respiratory tract obstruction develop. Further studies are required to confirm the impact of metastasis of these organs as observed in the present study.
Recently, Ignatius Ou and Zell reported the applicability of the proposed International Association for the Study of Lung Cancer (IASLC) staging for SCLC, in comparison with the current Union for International Cancer Control (UICC) 6th Tumor Node Metastasis (TNM) edition (19) . They concluded that patients with pleural and/or pericardial effusion had a poorer prognosis compared to those with metastatic disease (19) . In the UICC TNM 7th edition, patients with pleural effusion have an intermediate prognosis between LD-and EL-SCLC (20) . Our present study also confirmed that patients with pleural and/or pericardial effusion had a poorer prognosis compared to those without.
Despite these significant findings, this study has limitations. Firstly, the retrospective design of the study meant that it was complicated by lead time and length time biases. Secondly, there was a lack of information with regard to the development of distant metastases in the patients' clinical courses. Regardless of these limitations, we recognize that our findings have certain clinical importance for the management of future SCLC patients of unselected groups.
In conclusion, the therapeutic approach for treating SCLC patients with distant metastases is complicated, as our results suggest that existing liver, bone and brain metastasis adversely affects the outcome of the disease. When deciding whether or not to offer an intensive therapy, which may increase treatment-related mortality, the patient's medical condition, including coexistence of such metastases, should be taken into consideration, although favorable results have been reported in a number of these patients.
